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V  -  The  Method!  of  Study  of  the  Sun 
1  -  Aotinonstry 


At  present,  in  many  places  on  the  Earth,  Jally  observations  of  the  inten- 
sity of  t  e  solar  radiation  are  ma  'e«  T  ese  studies  are  of  a  great  interest 
to  the  astrophysics,  in  connection  with  the  o  nputation  of  the  so  called* 
"solar  constant"  -  the  intensity  of  the  solar  radiation  beyond  the  limits  of 
tv.e  terrestrial  atmosphere* 

The  solar  constant  is  the  quantity  of  energy,  express-d  in  gram-calories 
that  is  received,  during  1  minute,  by  an  area  of  1  em2,  pi  oed  perpendicular 
to  the  solar  rays,  beyond  the  limits  of  the  terrestrial  atmosphere,  at  the 
mean  distance  from  the  Earth  to  the  Sun. 

In  the  computations  of  t'.e  solar  constant  from  the  observational  data, 
a  correction  is  introduced  for  f~e  absorption  of  ^he  light  In  the  terrestrial 
atmosphere*  The  greater  the  altitude  of  the  pqint  of  observation  Is  above  the 
sea  level,  the  less  Is  the  thickness  or  t  -  mass  of  the  air,  penetrated  by 
the  solar  rays,  an-i  therefore,  the  less  is  the  absorrtion.  Table  1  lists  the 
observed  intensifes  of  the  solar  radiation  and  the  altitudes  of  the  place  of 
obse -vat  i->n  above  the  sea  level. 

Table  1 


Place  of  the 

The  altitude  above  the 

">bserrred  intens5ty 

observation 

sea  level  in  m 

of  the  solar 

radiation  in  gr- 

lolberg 

B 

1.41 

Agra 

566 

1.48 

Davos 

1  600 

1.59 

lib.  Wilson 

1   740 

1.G4 

Jim?;  frau 

•*  460 

1.63 

Mb,  Whitney 

4  420 

1.72 

Balloon 

7  500 

1. 

Balloon 

22  000 

1.89 

This  table  shews,  that  vhe  solar  oonsta  t   is  approximately  2  f-ram-oalorles 


/em*  -rain. 

The  measure  1   intensity  of  the  solar  radiation  also  depends  upon  the 
altitude  of  the  Sun,     The  hi-her  is  the  Sun's  altitude,  the  o  orter  IB  the 
ray's  path  through  the  terri stria!    'tmosphere  and  the  smaller  is  the  absorp- 
tion, 

Fig,  62  shows  the  Intensity  of  the  solar  radintion  'n  relation  to  th« 
macs  of  t'  e  air,  that   Is  penetrated  by  the  rays,   according  to  the  observation 
made  in  Calaraa,  Chili  on  March  lit-  1P20,    The  mass  o**  a'r  laying  above  sea 
level,  and  penetrated  by  t'^e  ray  vertically,  i«  taken  as  the  unit. 

The  determination  of  t  '.e  solar  constant   is  possible  only  by  an  extra- 
polation beyoir!  the  limits  o?  the-  terrestrial  at  re  of  the  observod 
intensities  of  tl              r  radi  tion,   for    iifferent  Basses  of  the  air,  penetra- 
ted by  the  rays.     Such  extrapolation  still  presents  great  difficulties  and 
the  resultant  values  of  the  solar  constant  still  contain  small  systematic 
err  rs. 


The  mass  of  air 


Fig.  62 
1  -  The  1        ol'netcr 

The  intensity  of  the  solar  radiation  -s  measured  by  an  apparatus,  called 
the  lyr'  e  Dimeter,     Every  p^r'-ellrnoter  consists  of  two  principal  parts;  a 
blacVened,  hrdy,  absorv  '  snlnr  ra-  .  of  an  mpurat  '8  thet  r  cords  the 

rise  of  tesperature  caused  by  these  rays, 


ryr^eliomoters  are  divided  into  two  classes:  the  standard  and  the 
.     The  first,  the  nost  complicated  in  construction  and  in  use, 
Measure  the  intens  ty  of  the  solar  radiation  in  .^ram-calories  per  Iora2  for  1 
minute,;  while  the  latter,  the  simpler  in  construction  and  more  convenient  to 
use,  are  required  to  fura'sh  only  the  relative  values  of  different  readiiys. 

Th«  Conrensated  Pyrhelioraoter  of  Angstrom  and  The  Water  Flow  Fyrhe  Hotter 
of  Abbot  are  used  aa  the  standard     netruments.     The   diagram  of  the     :rst  is 
sented  in  Pig,  63, 
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Its  principal  part  consists  of  tiro  thin  strips  A  and  B,  of  Manganese  Alloy 
that  are  blackened  on  one  side.  The  difference  of  their  temperatures  is 
measured  by  the  the rmo -element  N,  with  the  aid  of  the  Galvanometer  G.  The 
current  from  the  cell  S  may  be  passed  through  either  of  the  plates,  at  trill, 
and  its  intensity  is  regulated  by  the  resistance  coil  and  the  rheostats  R, 
The  instensity  of  the  current  is  measured  by  the  same  Galvanometer  G,  TWj  - 
is  an  appliance  for  changing  the  sensitivity  of  the  galvanometer  G, 

For  making  a  measurement  of  the  intensity  of  the  solar  radiation,  one  of 
the  strip  A  or  B  is  subjected  to  the  action  of  the  solar  rays,  while  the  other 
remains  in  the  shade.  The  the rmo -element  registers  the  difference  of  the  tem- 
peratures of  the  two  strips.  Then,  by  passing  the  electric  current  through 
the  strip,  that  remained  in  the  shade,  this  strip  is  heated  to  the  temperature 
of  the  other  strip.  In  this  case  the  thermo-couple  produces  no  more  current, 
and  the  electric  current  is  measured  at  that  point. 

If  F  -  is  the  area  of  the  strip,  i  -  the  intensity  of  the  current  in 
amperes,  r,  the  resistance  in  ohms,  then  the  intensity  of  the  solar  radia- 
tion £,  in  gram-calories  per  Icm^  per  minute  can  be  found  from  the  formula! 
E  •  14,34^-   ,  where  the  coefficient  14.34  is  used  for  the  conversion  form 
joules  per  second  to  gram-calories  per  minute.  The  computed  values  of  the 
intensity  of  the  solar  radiation  should  be  corrected  for  the  errors  due  to  the 
loss  of  energy  by  reflection  from  the  strips,  due  to  the  specific  heat  etc, 

The  diagram  of  the  Abbot  water  flow  Pyrheliometer  is  shown  in  Fig.  64. 

A  vessel  AA,  with  a  cone  shaped  bottom,  and  blackened  inside,  receives 
the  solar  rays.  A  ser  es  of  diaphragms  are  placed  inside  of  the  vessel,  and 
thus  make  it,  in  its  physical  qualities,  very  near  to  the  absolutely  black 
body  that  is  used  in  physical  laboratories  for  studies  of  the  laws  of  radia- 
tion. Therefore,  according  to  Kirkhoff's  Law,  the  vessel  AA,  must  possess 
the  qualities  of  a  perfectly  black  body  in  regard  to  the  absorption  of  the 
radiant  energy. 

The  absorbed  radiant  energy  heats  the  water  that  envelopes  the  vessel 
AA,  being  admitted  to  the  jacket  H  through  the  inlet  E,  and  flowing  out 
through  the  tube  F.  The  temp  rature  of  the  water  at  the  intake  is  measured 
by  an  electric  thermometer  DI,  and  at  the  outflow  by  the  thermometer  I>2» 

Both  thermometers  consist,  of  two  thin  platinum  wires,  that  vary  their 
electric  resistance  with  the  changes  of  the  temperature.  The  four  platinum 
wires  of  the  two  thermometers  form  the  branches  of  a  wheat stone  Bridge.  A 
weak  current  is  passed  through  both  thermometers  and  a  galvanometer  registers 
the  difference  of  the  resistances  of  the  branches  of  the  ^leatstone  Bridge. 
Knowing  the  resistances  of  all  parts  of  the  circuit,  as  well  as  the  tempera- 
ture coefficient  of  the  resistance,  it  is  possible  to  compute  the  difference 
of  the  temperatures  of  the  water  at  the  intake  and  the  outflow,  from  the 
reading  of  the  galvanoneter.  This,  in  turn,  will  allow  the  intensity  of  the 
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•  lar  radiation  to  be  computed  which  is  admitted  into  the  apparatus  through 
the  diaphragms  BBC*     In  order  to  lessen  the  losses  of  the  heat,  the  uncle 
apparatus  is  placed  inside  of  a  Dewar  Vessel     avlnp;  <lowble,   silvered  sides, 
with  the  air  evaluded  from  the  space  between  the  double 


Abbot  has  also  constructed  a  water  pyrhelioneter  of  another  tyre,  which 
he  called  The  tfater  at  ir»Pyrhe  IOmeter,  where  the  apparatus  was  filled  with  a 
measured  amount  of  water,  thnt   's  stirred  by  an  electric  motor   ^vr'np;  the 
measurements,     In  other  respects  this  apparatus  is  analogous  to  the  one,  just 
described.     The  variation  of  th     temperature  of  the  water  ?•  also  measured  by 
a  Platinum  Therracraeter, 

For  systematic  studies  of  the  intensity  of  the  solar  radiation, 
pyr'.elioraeters  of  the  secondary  type  are  used,  but  their  scales  are  graduated 
with  the  aid  of  Standard  Pyrhelic  Deters. 

This  type  of  apparatus  includes  the  Silver  Disk  Pyrheliometer  and  the  V. 
A,  Nicholson's  loe  Pyrheliometer. 

The  first  of  these     nstruaents  utoli  ed  a  blne^ened  sll-er  3iso,  with  a 
eroury  filled  chamber  within  it,  a?  the  receptor  of  the  solar  energy,     A 
sensitive  thermometer,  that  allows  readings  to  0,01*   is  immersed  In  the 
mercury, 

The  intensity  of  the  solar  radiation  is  determined  in  numbers,  proportion- 
al  to  that  intensity,  and  that  express  the  increase  of  the  temperature  of  the 
silver  disc  for  a  definite  period  of  '  ime  of  t'  e  work  of  the  wyrheliometer. 

The  Icu  Pyrheliometer  of  V,  A,  Miohelson  is  constr-cte^  on  the  principle 
of  Bunsen's  Ice  Calorimeter,     The  solar  rays  heat  a  black  body,  that  transfers 
the  heat  to  the   ice  air!  water  that  surrour.-l   It,     This  oa  ses  a  part  of  the  ice 
to  melt,  and  o  nsequontly  the  volurse,  occupied  by  the   Ice  a"  '  water   'ecreasee. 
This    decrease  of  the  volume   is  registered  by  a  capillary  tube,  whose  water 
level  ;-oes    lown, 

C.     .      .  Fouillet  was  first  to  eonstruct  a  ryrhelioraeter  in  1838  and 
he  has  found  the  solar  constant  to  be  1,76'grszacal  per  1  on'  per  min.     In 
the  extrapolation  of  the  measured  intensities  of  the  solar  radlati  n  beyond 
the  limits  of  the  terrestrial  atmosphere,  he  made  use  of  the  law  that  was 
discovered,  indep  ndently  »y  Bouguer  and  Lambert   '>n  1760,   (See  Chapter  III, 
Part  1), 

If  E  is  the  measu  ed  intensity  of  the  polar  radiation,  nnd  Eo  Is  its 
Intensity  beyond  the  limits  of  the  terrestrial  atmosphere,  and  m  Is  the  mass 
of  air,  penetrated  by  the  solar  rays,  assum'n,-  the  mass  or  air  paretrated  by 
the  vertical  ray  to  be  1,  the  formula  of  Bouguer  will  be 
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••here  a  Is  the  quantity  called  Mio  coefficient  cT  transparency  of  the  atmos- 
phere,    As  was  demonstrated  by  Forbes,  Radau,  and  particularly  by  Lancley, 
the   formula  of  Bou^uer  is  true  only  for  monochromatic  light,  l>nt  not  for  the 
integrated  light  of  the  Sun. 

Hagen,  Violle,  Cravat,  Sheiner,  Gansky  and  other  investigators  tried  to 
compute  the  solar  constant  by  a  simple  extrapolation  of  the  observational 
data,  or  by  the  Puillet  method,  but  the  oonnputed  values  were  not  dependable, 
and  the  errors  ranged  from  1,7  to  4 


Langley  used  another  method*    lie  combined  the  observations  made  with  a 
pyrhelioraeter  with  the  observation  by  a  new  apparatus,  designed  by  him  -  the 
•pec  robolometer. 

§2  -  The  Spoetro-Boloiaeter,  and  the  Langley-Abbot  Method 

Solar  3on8tant  , 

The  spectre-bolometers  allow  the  curve*  of  the  distribution  of  the  energy 
in  the  solar  spectrum  to  be  constructed,   TS  it  is  observed  with  different  masses 
of  a>ir  peneHted  by  the  Sun's  rays.    However  the  distribution  of  the  energy 
in  the  solar  spectrum  is  expressed  by  quantities  proportional  to  the  energy* 
By  measurement  of  the  area  of  the  curve  and  by  comparison  with  the  correspond- 
ing value  of  the  intensity  of  the  solar  radiation  obtained  by  an  observation 
with  a  pyrheliometer,  the  coefficient  for  the  conversion  of  the  readings  of 
the  speotro-bolometer  into  the  unitt  of  energy  is  computed, 

If  w»  have  a  number  of  curves  of  the  apparent  distribution  of  energy  in 
the  solar  spectrum  for  different  masses  of  air  penetrated  by  the  radiation 
we  can  construct  the  curve  of  the  distribution  of  energy  beyond  the  limits  of 
the  solar  atmosphere.     Actually,  by  applying  the  Bouguor  *  Lam':  ert  formula 
EX  «  K0X   a  ^,  to  a  narrow  part  of  the  spectrum,  irtiich  is  entirely  permissible, 
we  can  find  the   intensity  Eo     ,  of  this  part  beyond  the  limits  of  the  solar 
atmosphere.     The  area  of  the  curve,  plotted  frr  a  number  of  values  of  Eo 
will  determine  the  desired  solar  constant,     Langley1  s  method,  as  well  as  the 
speotro-bolorceter  were   improved  upon  by  Abbot  and  his  collaborators, 

The  spectre-bolometer  consists  of  three  principal  parts*     a  spectroscope, 
that  diffracts  the  solar  rays  into  a  spectrum?  a  "  oloraeter,  that  is  a  highly 
sensitive  electrical  thsrmonwrter  with  a  photographic  registration  of  the 
readings  of  a  galvanometer,  and  drive  a  clock  which  rotates  the  prisn  of  the 
spectroscope,  and  simultaneously,  moves  the  bolometer  itself,  along  the 
spectrum.    Fig*  65  shows  a  diagram  of  the  apparatus, 

The  spectroscope  consists  of  the  slit  r,  a  quartz  prism  g,  a  plane 
mirror  ^,  reflecting  the  light  to  the  oo  cave  mirror  ra,  that  forms  the  image 
of  the  spectrum  on  the  bolometer  n, 
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Fig.  67. 


The  mirrors  are  made  of  the  *Magnallan  alloy  containing  SL°/°  Magnesium 
and  69°/o  Aluminum.     The  position  of  the  speotr-m  Is  controlled  by  the  observer 
through  the  ocular  0,    The  prism  g  Is  rotated  with  the  mirror  p  around  lt§ 
axis  by  the  lever  1,  which  In  turn  Is  brought  into  the  motion,  by  the  screw 
e.     This  screw  is  rotated  by  the  clook  motor  a,  bl,  bg,  o,   d, 

The  rotation  of  the  screw  e  Is  by  jumpe,  and  this  feature  Is  controlled 
by  a  special  eleotrio  breaker  f  ,  g,  h,  k,  The  jumps  are  made  so  often,  that 
tue  spootrmi  has  a  uniformly  snoot  h  appearance  on  the  rhotorjraphlo  plate* 

For  changing  the   intensity  of  the  solar  spoo^rum  the  rotating,   sector 
diaphra'-ns  tl,  tg»  and  t3  are  used.     The  slit  r  of  the  spectroscope  is 
periodically  closed  by  the  shutter  s  in  order  to  roister  tho  sero  ro'nt  of 
the  curve  of  the  distribution  of  the  solar  enerr^y  on  the  solar  speotro- 
bLgram, 


The  lat«  models  of  the  Abbot  Speotro-bolomcters  were  mounted 
tioally,  and  pointed  direotly  to  the  Sun,     The  bolora-rter  itself  consists  of 
two  extremely  thin  platinum  strips,  with  an  eleotrio  resistance  of  3  ohms  eaud, 
Together  with  two  raa  anese  wires,  of  54  oV-s  reel  stance,  they  form  the  rourt 
•  ranches  of  a  wheat  at  one  Bridge,    One  of  tho  strips  Is  lighted,  while  tho  other 
remains  in  the  dark*     Under  tfce  influence  of  the  li  bt,  the  temperature,  and 
consequently,  the  resistance  of  one  strip  increase,  and  this  10  registered  by 
a  sensitive  reflect  in"  -al  variometer, 

In  order  to  increase  the  sensitivity  of  the  bolometer  Abbot  places  the 
platinum  strips  in  a  vacuum  ^lass  vessel,  with  a  vacuum  of  0,0001  mra  mercury. 

I       Inasmuch  as  tho  speetroboloraater  is  intended  for  absolute  speotrophoto- 
metrio  neasurements  It  beoomes  necessary  to  make  careful  determinations  of  the 
absorption  of  the  llrht  In  the  prism  and  mirrors  for  different  wavelengths, 
These  measurements  are  made  by  a  second  speotroboloraeter,    The  readings  of  the 
galvanometer  of  this  instrument,  when  pointed  directly  at  the  Sun,  are  com- 
T  ared  with  the  readings  of   its  galvanometer,  when  it  has  the  spectral  part  of 
the  first  apparatus  in  fromt  of  the  slit, 

§'  -  The  Corrections  to  the  Observations   (The  Short  Method) 

The  value  of  the  solar  constant,  computed  from  combine-1  observations  by 
the  pyrhellonnter  and  the  speotro-bolomater  requires  the   Introduction  of 
several  corrections.     In  spite  of  the  extreme   3easitivlty  of  the  apectro- 
bolomBtor  the  extreme  In^ra-rod  and  ultra-violot  radiations,  very  ofton  re- 
main unregistered*    The  reason  for  this  is,  that  the  extreme  Infra-rod  parts 
of  the  spectrum  are  very  weak,  and  contain  many  absorption  bands  uhloh  are 

'uced  by  the  water  vapor  and  carbon  dioxide  of  the  terrestrial  atmosphere, 
For  the  sarie  reason,  the  extreme  ultra-violet  part  of  tho  speotroa  can  not  be 
measured;  this  part  also  contains  many  absorption  bands  of  ozone  which  is 
jsonoentrated  in  the  upper  layers  of  the  terrestrial  atmospheret    The  absorp- 
tion of  the  solar  rays  by  the  ozone  layer  is  so  ^reat,  that  the  observable 
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spectrum  of  the  Sun  stops  abruptly  at  2900A. 

The  corrections  to  the  value  of  the  solar  constant    'or  the  unregist  red 
extreme  ends  of  the  spectrum  are  computed,  in  part,  from  special  studies  of 
the  infra-red  part  of  the  spectrum  that  are  performed  with  very  sensitive 
apparatus,  and,   in  part,  from  the  extrapolation  of  the  distribution  of  ennrgy 
in  the  solar  spectrum,  based  on  Planck's  Law. 

The  observable  infra-red  region  contains  wide  absorption  bands   (See  Fig* 
66),  due  to  the  water  vapor  and  the  carbon  dioxide  of  the  terrestrial 
atmo  sphe  re . 

By  plottinc  a  smooth  curve  through  the  separate  maxima  of  the  curve  of 
distribution  of  energy  in  the  solar  spectrum  on  the  bologram,  and  by 
measuring  the  area  between  the  smooth  curve  and  the  observed  curve,  it  is  pos- 
eible  to  eompute  this  correction* 

The  in  estigations  of  F,  E.  Fowle  has  demonstrated,  that  these  corrections 
can  be  computed  by  a  simpler  rrthod  from  the  measurements  of  the  ratio  of  the 
ordinotes  of  t>ie  deepest  part  of  tin  speetrum  in  the  so-called,  Vands 

p<7f(9200A)  to  the  ordinates  of  the  smooth  curve.  The  correlation  betwen  the 
ratio  of  the  ordinates  and  the  correction  is  computed  empirically  once  for 
all. 

In  summing  up  the  above,  we  shell  include  a  short  description  of  the 
Langley-  Abbot  Method.     Paralled  observations  are  performed  on  two  instruments: 
a  ryrhelioneter  and  a  speotro-bolonater,  6  times  a  day  for  air  Basses  pene- 
trated by  the  solar  radiation  of  from  1«3  to  5.0.     From  these  observations  a 
computation  of  the  coefficients  of -the  atnospherio  transparency  are  mr^e  for 
about  40  ]  arts  of  the  solar  spootrvaa. 

Let   1*0  bo  the   observed   intensity  of  the  solar  radiation  at  some  moment, 
in  reading  of  the  spectro-bolom<-terf  i«  be  the  area  of  the  smooth  curve  plot- 
ted on  the  bologram,  Kj-  the  mentioned  corrections,  that  account   "or  tlio  un- 
registered parts  of  the  spectrum  and  K8  -  the  correction  that  accounts  for 
the  absorption  bands  in  the  infra-rod  part  of  the  speotrum.    V*  have 

I'e  -  Ie  +  Kr  +  K. 

By  extrajolatin  .  beyond  the  limits  ot   ihe  terrestrial  atmosphere  the 
intensity  of  the  spectrum  at  the  40  poirts     or  iihioh  we  have  computed  the 
coefficients  of  transparency  for  the  day  of  the  observations,  we  can  sonstruct 
the  curve  of  the  distribution  of  energy  in  the  solar  spectrum  beyond  the 
terrestrial  atmosphere,  a,  d  fleternune  its  area,   still  expressed  in  the  vtnits 
of  tVe  {graduations  of  the  spectre  bolometer.     After  the   introduction  of  the 
correct in  for  the  unregistered  parts  of  the  speetrum,  we  have  the  integrated 
i^.t'.nslty  of  the  solar  radiation  beyon'  the  terrestrial  atmosphere,  Io, 
expressed  in  the  units  of  the  speotro-boTometer. 
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If  P  la  the  reading  of  the  pyrhelloineter  at  the  moment  of  the  observa- 
tion with  the  spectre-bolometer,  and  A-  the  distance  from  the  Earth  to  the 
Sun,  expressed  In  units  of  the  mean  distance,  the  solar  constant  i«  found 
from  the  "orraula 

5-  P-I«    A* 


The  refinement  of  the  Instrimem-s  and  of  the  methods  of  Interpretation 
of  the  observational  data,  'are  reduced  the  probable  error  of  the  daily  com- 
putation of  the  solar  c^nsta  t  to  O.T-/0*     However,  disregarding  the  high 
precision  of  the  observations,  the  value  of  the  solar  oonsta  t  have  a  yearly 
cycle,  that  point  to  sone  remaining,  unaccounted  for  systematic  errors.    The 
daily  ieterminations  of  the  solar  constant  are  of  a  vast  i-sportar  oe  in  con- 
nection with  the  problem  of  the  reality  of  the  observed  variations  of  the 
intensity  of  the   solar  radiation* 

In  1919  Abbot  proposed  a  new  method,  that  does  not  require  the  numerous 
daily  observations  with  the  spectre-bolometer.    This  method,  dubbod  by  Abbot' 
*the  short  method"  and  based  on  the  ocmblned  observations  by  pyrohel'  onicter, 
speotro-bolom'  ter  find  a  new  instrument,  the  j,yr«nps>eterj.  has  reduced  the  p-ob- 
able  error  of  the  dally  observations  to  0.4°/o. 

The  principal  part  of  th*  pyranoneter  Is  a  therno-element,  placed  with- 
in a  nlass  hood.     With  this  Instrument  it  is  possible  to  measure  the  total 
radiation  received  by  terrestrial  objects,  not  only  directly  frcm  the  Sun,  ^ut 
from  the  shy  as  well.     By  obscuring  the  Sun  by  a  small  screen,  so  that  its 
shadow  falls  upon  the  pyranometer*  tho  radiation  of  the  sky  alone,  can  be 
measured* 

The  observations  have  revealed  that  the  Intensity  of  tv,e  radiation  by  ths 
sky,  near  the  Sun,  -iepends  upon  the  coefficient  of  transparency  of  the  vtnos- 
phere  at  the  moment  of  the  observation.     Abbot  has   Determined  ,  empirically, 
from  a  number  of  series  of  the  simultaneous  observations  by  a  spaotro-bolo- 
meter  and  a  pyranoraeter  a  siirple  correlation  between  the  coefficient  of  trans- 
parency of  the  atmosphere  and  a  certain  quantity  F  for  different  zenith 
distances  of  the  Sun.     The  quantity  V  Is  computed  by  the  formula 

F--M; 

where  H  is  the  intensity  of  the  radiation  01  the  slcy  near  the  Sun,  F  is  the 
reading  of  the  pyrheliometer,  andW  it  the  area  of  the  absorption  band 
according  to  the    'at*  of  the   speotrobolometer.     Thus,  having  one  measurement 
with  »  pyrhelloneter,  one  simultaneous  observation  with  a  pyranometer,  and  one 
bolo^rom  produced  simultaneously  by  a  speotrobolonoter,  we  have  all  (he  data 
needed  for  a  computation  of  tne  solar  constant, 
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The  advantage  of  the  short  method  over  the  Langley  -  Abbot  method 
(apeotro-  bolometrio)  li-s  in  the  possibility  of  a  number  of  independent 
measurements  during  the  day.     Owing  to  th!s,  the  changes  of  the  transparency 
of  the  atraogphere  during  the  day  does  not  exert  any  important   influence  on 
the  results* 

Afc  present,  in  order  to  obtain  reliable  values  of  the  solar  constant,  it 
is  determined  daily  at  three  stations  of  the  Smithsonian  Institution  •  on 
Montozuma  Mountain  (Chile),  on  Table  Mountain   (Calif).,  and  on  Mount 
Brukkaros  in  South  Africa, 

^4  -  The  Measurements  of  the  Ultra-Violet  Radiation  of 

the  Sun, 

A  study  of  tve  data  that  was  collected  for  many  years  by  jneans  of  the 
srectro-bolometers  at  the  stations  of  the  Smithsonian  Institution,  has  in- 
dicated large  variations  of  the  intensity  of  the  violet  part  of  the  solar 
spectrum*  Several  investigators  have  organized  special  observations  for  the 
study  of  this  phenomenon,  and  particularly  interesting  -neterial  was  collected 
by  E,  Pettit  at  the  Mount  Wilson  Observatory  in  1924  and  Inter,  These 
observations  are  a  part  of  the  program  of  that  observ  tory  and  are  performed 
every  clear  day, 

For  the  observations  of  the  variations  of  the  intensity  of  the  ultra- 
violet radiation,  Pettit  used  a  thermo-e lenient.  The  observations  consist  of 
a  comparison,  at  various  zenith  Distances  of  the  Sun,  of  the  intensities  of 
the  solar  radiation  that  was  passed  respectively,  through  thin  silver  and 
gol-1  foil,  applied  to  quart*  plates.  These  metallic  filters,  that  have 
proved  to  be  very  stable  separate  the  solar  spectrum,  into  two  sections 
centering  at  about  320oA  and  BOOoA  respectively. 

The  computed  ratio  of  intensities,  for  different  masses  of  air  penetrated 
by  the  r  idintion,  is  extrapolated,  graphically,  beyond  the  limits  of  the 
atmosphere.  At  first,  these  measurements  exhibited  variations  of  over  80°/o. 
of  this  ratio,  but  the  later  observations,  made  with  improved  apparatus,  have 
reduced  these  variation  to  less  than  17°/o,  The  problem  whether  these  varia- 
tions are  due  to  actual  changes  taking  place  on  the  Sun,  or  are  due  to  some 
changes  of  the  terrestrial  atmosphere,  is  still  not  solved  finally, 

2  -  The  Visual  and  Photorraphie  Observations  of  the  Surface 

of^the  Sun, 

?5  -  Observation*  of  the  Sun  with  a  Refractor, 

Owing  to  the  great  brilliancy  of  the  Sun,  the  observations  of  its  s  r- 
faoe  proaent  great  Difficulties,  In  visual  observations  it  becomes  'mparative 
to  reduo*  the  brightness  of  the  Sun  many  times.  Usually,  a  plate  of  dark, 
neutral  glass  is  emr,  loyed,  which  passes  a  small  part  of  the  light  that  falls 
upon  it.  This  method  of  observations  requires  severe  diaphragming  of  the 


tola  scope,  in  order  to  avoid  the  ertraue  heating  of  tho  class  and  ltd 
destruction*  J«  Hershel  used  a  dark  glass  in  a  o  nb  I  nation  with  a  glass 
prism,  the  faoe  of  which  reflected  the  li  ;ht  and  weakened  it  to  a  great  extent. 

Other  observers  used  special  oculars  -  the  elioaoopes  'jhat  achieved 
the  reduction  of  light  by  ths  f  ol  ;risation  of  the  light  lurSrg  reflections, 
The  ocular  helioscopes  Colsi,  manufactured  by  the  Zeiss  Company  have  received 
a  wi3e  dlstribut     ee  Pis,  67), 

A  class  mirror  8  is  mounted  before  the  focus  of  the  telescope*  The  Sun's 
rays  fall  on  this  mi-rcr,  and  beinp;  reflected,  pass  toward  the  double  prism 
P!  P£«  After  a  reflection  from  the  o^-aon  faco  of  the  prisms,  the  rays  enter 
the  ocular.  The  prism  PJ  is  ar.d*  of  orosn  glass,  while  the  prism  P£  is  liquid* 
and  the  coefficient  of  refraction  of  this  liquid  ',  s  a  little  Ijss  than  that 
of  the  crown  lass,  whlo''  causes  only  a  very  snail  port  of  tha  light  to  bt 
reflected  by  th<?  face  of  the  prisra, 

1  of  projecting  the  image  of  the  Sun  on  a  screen  is  very  ex- 
tensively used.  If  P.  is  the  apparent  angular  radius  of  the  Sun,  r,  the 
rad:'  us  of  the  image  of  the  5un  on  th^  rorctm  rlaoad  at  a  distance   from  the 
ooular,  anl  w  is  the  ma^nif  ioftion  of  the  telescope,  then  we  can  writ*  th» 
equations 

A>  -  JL-uj-  tj?  P  *^,  J.us 
~-' 


from  which  any  one  of  these  quantities  may  be  ocinputed  if  the  others  arc 
known, 

The  rasthod  of  T  rejecting  the  Sun's  imaga  on  a  screen  ie  very  convenient 
for  the  determination  of  the  positions  of  details  on  th«'  solar  di«o,  or  for 
sh-etohing  them*  If  the  screen  is  replaced  by  a  photocraphio  pl-.te,  pho!  o- 
graphs  of  ths  Sun's  disc  can  be  ol;tainod.  However,  if  the  work  is  performed 
w'th  a  visual  refractor,  it  is  necessary  -o  use  ^reen  or  yellow  color  filters 
l  orthoohromatio  plates,  as  a  sharp  'efirition  is  otherwise  impossible  to 

ie  to  the  presence  of  a  resid  ,al  ohromatio  aberration  of  the  objective 
(the  secondary  spectrum).  The  best  results  are  obtained  with  special  photo- 
praphlo  instruments  -  the  photohelio  rarhs, 

Tho  photohellopraphs  are  equipped  with  sp  oial  objectives,  aonsi  sting  of 
a  photographic  objective  0  (i'ig,  G8)  and  a  compound  concave  lens  N,  Ths 
photo  :raphio  plate  is  placed  at  P,  nd  a  slit  shutter,  operated  by  a  powerful 
spring  is  placed  at  V, 

If  fl  -  is  i-,he  fooil  length  of  the  objective  Q,  fg  -  is  the  fooal  len.-th 
of  the  or  reave  lens  Nf  and  •  is  the  distance  between  the  objective  0  and  the 
lens  N*  then  the  equivalent  fooal  length  F  of  the  objective  and  t^e  total  Ic 
length  of  the  tube  ft  >  fpolfl  the  objective  to  the  blats,  can  -,e  found  by  the 
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The   -llstanoe  •  between  the  lenses  is  usually  made  larger  by  a  few 
centimeters,  tuan  fj+fg,     Go,  with  f  i  -  80  cm  and  fg  --1"  c   ,  e«  67  cm,  the 
equivalent  focal  length  will  equal  P-600  om.     With  a  tu-  e  only  I65on  long  an 
image  of  the  Sun  with  a  Hamster  of  Bom  is  obtained* 

Fine  -grain  plutes  are  used  in  the  work  with  the  photoheliograrh,  and 
particularly  f  ne  results  are  obtained  with  collodion  plates.     Owing  to  the 
exposures  being  of  a  d-ration  of  only  a  few  hundredth  parts  of  a  second,  the 
photoheliocraph  does  not  require  any  precise  equatiorial  mounting.    Many 
astronomical  observatories  are  equ'pped  with  photoheliographs  and  make 
systeasctic  daily  photographs  of  the  Sun's  surface. 

§6  -  The  Keliograrhio  Coordinates  ar.d  Looation  of  the  Details  on 

o         e  Sun., 

An  accurate  determination  of  the  position  of  the  Details  on  t1  e  surface 
of  the  Sun  is  a  problem  that  is  solved  by  these  photographs.  The  position 
of  the  detail  is  determined  by  two  coordinates,  t'  e  helioKrajhio  latitude 
and  the  heliograrhio  lo:igit  »de  ,  The  helio>:raphio  latitude  of  the  point  is 
its  angular  distance  from  the  solar  equator,  while  the  heliographio  longitude 
is  the  angle  between  an  arbitrarily  chosen  zeroise  r  '  dian  and  the  meridian  pas- 
sing through  the  given  point, 

The  position  of  the  solar  axis  of  rotation  in  syace  has  been  determined 
by  many  astronomers.  According  to  international  agreement,  th  •  values 
determined  by  Carrin.-ton  are  universally  accepted!  tve  anrle  of  inclination 
of  the  solar  equator  to  t  .   ecliptic  «  V*  15'j  t  e  longitude  of  the  ascending 
node  "73*40*  *  C°.ol4  (T-1850)  (the  second  term  aooourits  for  precession);  the 
time  of  sidereal  rotation  of  the  Sun  around  the  axis  "25,^8  -laysj  the  zero 
meridian  passed  through  the  ascending  node  at  Greenwich  -sen  noon  on  Jan  1- 
185*, 

Let  r  be  the  distance  of  the  detail  from  the  center  of  the  image  of  the 
Sun's  disc,  and  R  be  the  radius  of  the  image  of  the  Sun's  disc.  In  accurate 
determinations,  both  of  these  quantities  are  corrected  for  refraction.  Also 
let    be  the  angular  distanee  from  the  apparent  center  of  the  disk,  R',  the 
an  ular  radius,  aeoord'ng  to  the  data  of  the  astronomical  Almsnao,  and   , 
the  angle  at  the  center  of  the  Sun,  formed  by  two  directions  t  one  to  the  Earth, 
and  the  other  to  the  detail.  Then 


Also,  It  D   (see  rip;  69)  be  the  heliograph  c  latitude  of  the  Earth   (or     of 
the  apparent  center  of  the  Sun's  disk),  L,  to  longitude  of  the  Earth  in 
t"  e  accepted  Carrimrt  on  System,  f,  the  position  angle  of  the  North  Pole  of 
the  Sun,  froir-  t  e  i.orth  point  K,  towards  the  .:;ast,  p,  the  position  angle  of 
the    detail  M,  and  {,   'ts  longitude  from  th«  central  meridian,  that  passes 
through  the  apparent  center  of  the  solar  disc. 


fig .  72. 


Fig.  69. 
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The  quantities  D,  P,  L  are  given  in  the  Astronomical  Almanacs,  the  angle  p 
as  well  as  the  distance  r  and  the  radius  R  are  measured  on  the  plate,  for 
which  purpose  the  direction  of  the  daily  parallel  is  plotted  on  the  Image* 

In  order  to  do  this,  two  fine  cross  wires  are  placed  in  the  photohelio- 
graph,  before  the  plate,  and  the  angular  position  of  these  is  periodically 
sheeted  by  the  method  of  transition  of  the  Sun  by  these  cross  wires)  the 
moments  of  contacts  of  the  Sun's  limb  and  the  wires  being  determined*    The 
position  of  the  daily  parallel  can  be  also  determined  on  these  photographs, 
that  contain  two  pootures  of  the  Sun,  taken  at  an  interval  of  a  few  minutes, 
with  a  stationary  tube* 

From  the  spherical  triangle,  that  has  the  apices  at  the  pole  of  the  Sun, 
the  detail  and  the  end  of  the  solar  radius  pointing  toward  the  Earth,  we  find: 


sin  u>  =  cos  p  sin  D  -4-  sin  p  cos  O  cos  (p  — 

C03(p  sin  I  =  —  7i  np  sin  (p-.p)  ; 
cost  —  cosp  cosO  —  sinp  sin  O  cosfp  —  P) . 

These  formula  are  used  to  c    pute  (jp  and  I  *    The  longitude  A   of  the 
detail,  in  Carrlngton's  system  is  found  from  the  equation 

A  =  L+l. 

If  the  detail  is  very  near  the  Sun's  limb  (as  the  prominences),  then  the 
longitude  can  not  be  found  accurately,  while  the  latitude  if  found  by  the 
proceeding  equations  with  ft  "  90* ,  as 


siny  •=.  cosO  cos(p—P) 


many  purposes  it  is  sufficient  to  to    *  the  coordinates  of  the  detail 
approximately,  to  1**    For  such  approximate  determinations  numerous  tables 
grids  and  nomograms  exist  that  allow  these  determinations  to  be  performed 
very  rapidly* 

y  T*    The  Coeloatat 

The  continued  increase  of  the  power,  and  along  with  it,  of  the  site  and 
weight  of  the  speotrosoopie  apparatus,  used  in  solar  investigations,  finally 
forced  the  necessity  of  discontinuation  of  the  use  of  common  refractors, 
and  of  the  construction  of  special  solar  telescopes  with  stationary  parts* 

The  Sun's  litfit  is  directed  into  the  telescope  b  -  a  mirror  that  is  retated 
by  a  clock  motion,  and  by  a  number  of  auxiliary  stationary  mirrors*    At  present, 
in  solar  investigations  they  almost  exclusively  use  that  form  of  mounting  of 
the  rotating  mirror,  that  was  proposed  in  1896  by  Lipmenn,  and  which  is  known 
as  the  Coelostat*     (This  mounting  was  proposed  by  E*  F*  August  in  181(9,  and 
by  others.    The  name  "Coelostat*  was  coined  by  Lipnann,  who  "re-invested*  it). 

The  basie  part  of  the  ooelostat  is  a  plane  mirror,  rotating  around  a  axis 
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with  a  velocity  of  one  rotation  In  48  hours.  The  axis  of  rotation  is  inclined, 
is  oriented  to  the  celestial  pole,  and  is  called  the  fol-T  arts.  The  plane 
of  the  crrror  must  be  strictly  parallel  to  tv.e  polar  axis.  If  the  ir.strunenfc 
!•  wel     ted  and  regulated,  and  if  we  disregard  suoh  phenomena  as  refraction 
solar  parallax  etc,  the  reflected  ray  will  remain  in  the  same  position  in  space. 


The  position  of  the  reflected  ray  can  be  changed  only  in  hour  angle,  while 
its  declination  will  be  always  equal  in  quantity,  and  opposite  in  sign  of  that 
of  the  Sun* 

There  are  two  poi:tts  of  the  horizon,  placed  symmetrically  with  respect 
to  the  meridian,  where  it  is  possible  to  direct  the  horizontal  reflected  ray, 
Their  esiniuth  i  can  be  found  by  the  fomula 

OOB  a  "  sin  8  sec  (P  , 

where  8  is  the  oeolination  of  the  Sun,  and <P the  latitude  of  the  point  of 
observation, 

If  the  Coelostat  is  not  regulated,  the  reflected  ray  will  change  its 
position,  depending  on  the  hour  angle  of  the  Sun,  In  order  to  adjust  the 
petition  of  the  polar  axis  of  the  Coelostat,  a  small  telescope,  with  a 
graduated  deolination  circle  is  mounted  on  the  «is»  Thus  the  instrument 
becomes  a  snail,  parallactioally  mounted  refractor,  the  position  of  whose  polar 
axis  is  adjusted  in  the  usual  way,  by  observing  the  st<-rs  near  the  meridian 
and  in  hour  angle  near  .*  6h  in  the  right  and  left  positions  of  the  declination 
circle. 

If  the  plane  of  the  mirror  is  not  parallel  to  the  polar  axis,  this  can 
be  discovered  by  a  reversal  Qf  the  position  of  the  mirror  on  the  bearings  in 
•uoh  a  way,  as  to  cause  the  lower  end  o*  the  axis  to  be  placed  on  the  upper 
bearing.  During  this  op  ration,  an  observation  is  made  through  the  telescope 
of  the  Sun's  imace  reflected  by  the  mirror  in  both  positions.  The  angular 
displacement  of  the  Sun's  ima^e  after  the  reversal  of  the  mirror  equals  twice 
the  angle  between  the  plane  of  the  mirror  and  the  polar  axis  of  the  Coelostat. 

The  adjustments  of  the  mirror  and  of  the  position  of  the  polar  axis  can 
also  * -e  made  with  a  theodolite  by  observing  the  Sun  directly  and  in  the  mirror 
of  the  eoelostat, 

As  Ustinguished  from  other  analogous  apparatus  using  mirrors, (as  the  s 
•iderostat  and  the  heliostat),  the  ooelostat  produces  a  stationary,  not  rotat- 
ing, image  of  the  Sun,  Owing  to  its  geometrical  simplicity,  -md  to  the 
stationary  image,  the  ooelostat  has  received  a  wide  application  in  expcdl 
installafons,  in  observations  of  solar  eclipses,  as  well  as  in  solar   lesoopes. 
In  the  latter  case,  the  reflected  ray  is  thrown  in  the  sane  direction,  5  leren- 
dent  of  the  declination  of  the  Sun,  by  means  of  a  second,  auxiliary,  mirror. 

In  order  that  the  Sun's  light,  reflected  by  the  eoelostat  mirror,  may 
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fall  uron  the  center  of  the  auxiliary  mirror,  an'd  the  latter  nay  not  obscure 
the  coelostat  mlrmr,  J.^c  mounting  allows  two,  mutually  T>Tpendieulnr,  move- 
ments of  the  mirrors  -  in  the  plane  of  the  meridla,  an*  in  the  plan*  of  th« 
prime  vertical, 

The  Fic»  70  chows  the  coelostat  with  an  auxiliary  mirror,  o^  the  Snow 
Telescope  of  the  Mount  Wilson  Observatory*  The  coelostat  is  mounted  on  a 
carriage,  that  has  an  East  -  »iest  r.ivement  alon/t  the  rails*  The  auxiliary 
mirror  '<  s  also  mounted  on  a  carriage  and  ean  be  moved  alonft  th«  optical  axis 
of  the  telescope, 


The  use  of  the  ooelostat  has  permitted  large,  stationary  images  of  the 
Sun  to  be  obtained  under  the  laboratory  conditions,  and  this  made  possi  le  th« 
use  of  a  powerful  speotrosoopio  apparatus  such  as  in  use  by  the  physicists, 
Both  the  reflector  and  the  refractor  mounted  stationary  ^n  a  vertical  or 
horizontal  position,  are  used  as  an  optical  system  to  produce  the  image  of  the 
Sun*  A  vertical  mounting  with  an  objective  seems  to  produce  the  inest  images 
of  the  Sun, 

The  principal  difficulties  of  the  observations  of  the  Sun  are  created 
by  the  ascending  currents  of  warm  air  that  rise  from  the  warm  so'l,  and  by  the 
distortion  of  optical  parts  of  the  apparatus  from  tho  h  atinf;  by  the  Sun, 

The  vertical  Solar  Tower  Telescope,  th-it  carries  tho  ooelostat  and  the 
objective  high  above  the  ground,  is  less  subject,  to  the  unfavorable  action 
of  the  lower  ascending  currents,  as  those,  rising  from  the  ground,  flow  along 
the  optical  axis  of  the  telescope*  The  telescope  is  protected  from  tho  side 
currents  by  the  dome,  inside  of  uftich  the  opt'oil  system  is  housed, 

The  Jireot  heating  by  the  Sun,  affects  the  mirrors  more  seriously  than 
the  other  parts  of  the  telescope,  as  these  suffer  preat  changes  fif  their 
surfaces.  The  plane  mirrors  become  concave,  shortening  tho  focal  lenrth  of 
the  entire  system  by  1  meter,  or  more*  The  use  of  mirrors,  made  of  Pyrax, 
whose  coefficient  of  expansion  is  less  than  that  of  glass,  decreases  this 
Hstrrtion  of  the  surface  of  the  surface  of  the  mirror  several  times, 

Two  vertical  tower  telescopes,  first  built  by  C,  K,  Hale  at  tount  Wilson 
Observatory,  in  California,  have  the  respective  "heights  ^f  20  and  50  m.  The 
latter  is  shown  in  Fig*  71, 

This  telescope  Is  equipped  with  several  objectives,  and  produces  an  iaag« 
of  the  Sun,  up  to  43  cm  in  diameter.  Similar  instruments  are  at  Potsdam 
(Jiinstein-Turm)  and  at  Florence  (  rcetri)  . 

The  first  large  tolar  tolesoope,  built  by  Hale  at  the  beginning  of  thlt 
century,  the  Snow  Telescope  at  Mount  Wilson  mentioned  above,  is  an  example  of 
a  horizontal,  reflecting  telescope.  The  iaiag*  of  the  Sun  obtained  with  thii 
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instrument,  are  not  as  good  s  those  obtained  with  the  Tower  Telescopes  of  th 
the  sane     rvatory*  In  as  mioh  as  a  aonoave  mirror  is  used  to  produce  the 
lyjaga,  the  solnr  rayn  tr.-.  -orse  a         vlnost  t-ffioa  as  long  as  in  the  ease 
of  an  object  l~r*  of  an  equal  fooal 


Recently  Hale  cr,ristr'-et'  i  at  Pnsa;'ona,  a  now  vei-llc  ,1  tc*-ir  telescope 
with  a  Casee.-rain  mirror.  By  the  introduction       erent  Convex  mirrors, 
it  's  easy  to  3hang«  the  equivalent  **ooal  length  of  the  entire  systen,  and 
thus  obtain  images  of  the  Sun  o"  different  diameters.  This  type  of  mirror 
also  considerably  shortens  the  'istanoe,  traversed  by  the  rays,  which  Helps 
to  improve  the  quality  of  the  images.  According  to  the  available  infoim- 
tion  '-he  new  Hale  telescope  gives  fine  resul  . 

Solar  telescopes,  horizontal,  or  ;nclined,  are  also  used  in  observing 
the  total  solar  eclipses,  S  ;oh  horizontal  telescopes,  are  usually  equipped 
with  a  o  eloetat  without  any  auxiliary  mirrors,  American  Astronomers  show  a 
preference  for  an  inclined  nount'nf;,  directed  to  the  point,  where  the  Sun  will 
be  during  the  moraer<t  of  tetality.  In  order  to  obtain  a  stationary  image  of 
the  Sun  on  the  plate,  luring  the  exposure,  that  last  of  t«n  times  several 
minutes,  the  objective,  or  the  plat*  itself  is  giren  a  corresponding  move- 
ment,  that  compensates  for  the  apparent  Diurnal  moticn  of  the  Sun, 

For  studies  of  the  fine  detai^  of  the  solar  corona,  that  will  be  mentioned 
in  the  chapter  on  the  Sun,  telescopes  of  enormous  Tocal  len  th  are  ;  emetines 
used.  Thus,  the  Lick  Observatory  uses  in  its  exped'tion*  for  the  observations 
of  total  solar  eclipses,  a  telescope  with  a  focus  of  12  r.,  md  an  arperture 
of  1S96,  The  largest  telescope  was  used  during  the  eolipee  of  1900  and  had 
a  focal  distance  of  41  ra,  with  an  apperture  U135, 

3,  The  Sp.-atral  Aj.curatuj  '  the  Sun. 

§  C  -  The  Frominonoe_  Spectroscope 

Soon  after  the  Hsoovery  of  spectrum  analysis  by  G,  Kirohhoff  In  1859, 
the  spectroscop-e  was  applied  to  the  study  of  the  speetra  of  the  different  -le- 
tails  of  the  Sun,  In  1368,  during-  the  total  solar  eclipse  Jansen,  and. 
independently  Lockyer  in  England,  demonstrated,  that  the  spectrum  of  the  solar 
prominences  consists  of  several  lines  of  .sstoh  intensity^  that  they  can  be 
observGd  every  day  as  such  points  of  the  Sun's  limb,  that  have  a  prominence. 

By  recording  the  appearance  of  the  spectral  lines  of  the  prominence 
with  different  positions  of  the  spectroscope's  slit,  it  is  possible  to  obtain 
an  idea  of  the  size  and  the  form  of  the  prominence, 

Huggins,  Zellner  and  other  investigators  proposed  in  1869  a  new  asthod 
of  observations,  that  is  still  in  uce  for  visual  observations  of  the  promi- 
nence and  the  chromosphere, 
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If  the  slit  of  the  spectroscope  is  placed  tanger,t  to  the  solar  limb, 
and  i«  opened  wide,  then,  inside  of  the  Hydrogen  Line  (the  observations  are 
usually  nade  in  the  line  H  ),  an  image  of  the  prominence  oan  be  seen,  pro- 
jected against  the  dark  lives  of  the  spectrum  of  the  sky*  With  a  further 
wi  'ening  of  the  slit,  the  lisa  e  of  the  prominence  dims  and,  finally,  dis- 
appears •  the  optimum  width  of  the  slit  is  dependent  upon  the  condition  of  the 
•Icy  (with  a  whlt-st  sky,  the  prominences  are  poorly  visible),  the  quality  and 
the  dispersion  of  the  spectroscope,  etc* 

By  a  reoorl  of  the  position  of  the  point  of  eontaot  of  the  slit  with  the 
Sun's  limb  at  the  point,  where  the  prominence  is  observed,  it  is  possible  to 
determine  the  angular  position  of  the  prominence* 

The  height  of  the  prominence  is  measured  with  the  slit  placed  normal  to 
t  e  limb,  and  the  readings  are  made  with  a  micrometer  screw,  with  which  the 
spec'  rose  ope  s  are  equipped.  The  height  of  the  prominence  in,  sometimes, 
measured  by  a  glass  scale,  placed  at  the  focus  of  the  spectroscope's  ocular, 

The  prominence  spectroscope,  used  for  observ'nn  t>-e  yroainenoes  consists 
of  a  small  eollisiator,  several  lii-oct  vision  prisms  (.Ani;oi)  and  a  small 
telescope*  The  magnification  of  the  entire  telescope  -  spectroscope  system 
can  be  determined  by  the  formula 
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where  F  is  the  ^ocal  length  of  the  telescope,  f  ,  the  focal  lenrth  of  the 
oollimator  and  w  -  the  magnification  of  the  ocular  of  the  spectroscope*    Fig* 
72  shows  a  diagram  of  the  Ze'ss1  Prominence  Spectroscope, 

£lO  -  The  Solar  SpeotronraphiB 

The     rowth  of  the  solar  telescopes  in  size  was  parallel  to  the  growth 
of  the  power  of  the  solar  speotrographs  and  was  forced  by  the  latter, 
Astronomers  have  deserted  speotrographs  that  were  mounted  on  the  telescope 
for  stationary  types,     A  distinguishing  feature  of  the  contemporary  solar 
speotrograph  is   Its  high  resolving  power,  with  a  relatively  low  light  gather- 
ing power, 

Just  as  the  stellar  speotrographs,  so  the  solar  ones  can  be  divided  in- 
to two  types,  depending  on  the  optical   system  used  to  produce  the  spectrum, 
To  the  first  and  most  commonly  used  type,  belong  the  speotrographs  with  a 
plane  reflecting  diffraction  grating  and  to  the  second  type  -  the  prism 
spectroscopes, 

The  production  of  good    'if  fraction  gratings  and  good  glass  prism  of 
large  sixes  (about  10  -  15  cm),  that  are  needed  by  the  po-rerful  speotrographs, 
is  still  subject  to  great  mechanical  difficulties,  an*  «-Verefore   >t  is  neees- 
sary  to  be  content  with  the  low  light  gathering  wower  of  the  solar  speotro- 
graphs*    The  majority  of  the  solar  speotrographs  operate  on  the  so-called 
auto-oollim^tion  rrmoirle,     Fife,,  T3  gives  the  diagrams  of  a  speotrograrh  with 
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a    -rating   (fig»  n)  and  one  with  prisms   (fig*  b). 

The  slit  is  at  S,  p  -  is  the  photograrhio  plate,  the  letters  v  and  r 
denoting  the  violet  and  red  ends  of  the  spectrum  respectively,  0  Is  J-he 
objective  that   serves  at  the  sane  time  as  the  objective  of  the  eollimator  and 
of  the  camera,  G  Is  a  plane  diffraction  grating*    By  rotating  it  around  an 
axis,  parallel  to  the  slit  of  the  oollimator,  it  is  possible  to  project, 
uron  the  plate,  the  different  parts  of  the  spectra  of  various  orders. 

In  Fig.  72b,  A  and  B  are  two  glass  prisms.     The  baak  fae«  of  the  prism 
B  is  silvered,  which  causes  the  ray  of  llp;'->t  pass  twice  throu  h  the  both 
prisms* 

The  plate  is  customarily  placed  directly  above  the  slit,  in  order  to  work 
near  ^he  main  axis  of  the  objective.    The  auto-oollima*onal  Epectrorraph 
produce's  a  diffused  light,   ^ve  to  the  reflection  of  the  slit  from  the  surfaces 
of  the  objective.     This  can  be  avoided  by  either  covering  with  black  paper 
the  corresponding  parts  of  the  objective,  or  by  tilting  the  object  '-ve  at 
such  a     angle,  that  the  reflected  lif,ht  does  not  strike   'he  photographic 
plate  « 

Both  -i  rizontal  and  vertical  speotron;raphs  are  made  at  Mount  Wilson 
Observatory,  both  tower  telescopes  are  equipped  with  vertical   speotrograrhs. 
The  larger  tower  telescope  is  equipped  w  th  a  speotropraph  with  ar  objective 
of  a  focal  length  of  23  m  and  a  grating  with  an  etohe  -1  area  of  67x126  nan, 
with  620  lines  per  milimeter.    This  speetrograph  produces  spectra  up  to  1  m. 
long  with  a  dispersion  of  lA«5rara  in  the  third  order.     All  the  arparatus  is  in 
a  deep  well  under  the  tower  telescope.    The  Potsdam  and  Pulkovo  Observatories 
have  horizontal  speetrorraphs.     The  Pulkovo  installation  is  shown  in  Fig.  74. 


The  focal  length  of  the  eollimator  of  this  instrument  is  7m, 
diffraction  grating  has  an  etched  area  72xS^m  with  539  lines  jjer  1  min.     In 
the  third  order,  the  dispersion  of  the  speotrosraph  is  lram-0,7A. 

For  the  adjustment  of  the  position  of  the  slit  at  any  possible  angle, 
as  becomes  necessary,   for  example,  during  the  observations  of  the  rotation  of 
the  Sun  by  the  speotrosoopio  method,  the  speotroRraphs  are  contracted  so,  that 
they  can  be  rotated  around  their  axis.     The  Potsdam  speetrograph  is  s^ati^nary 
but  the  image  of  the  Sun  can  be  turned  and  kept  at  any  position  by  a  large 
reversing  prism. 

One  of  the  most  important  problems  of  solar  speetrosoory  is  th--  accum1  e 

son  of  the  relative  pos'tions  of  the  speetral  lines  on  the  opposite 
sides  of  the   solar  disc,  at  the  linb  and  «t  the  center  etc.     These  problems 
are  connected  with  the  study  of  the  rotation  of  the  Sun  by  the  sp  otroooplo 
method.     Also  important  is  the  study  of  different  "effects",  that  will  be 
mentioned  later. 
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In  the  study  of  these  problems,  the  photographs  of  the  spectra  of  Different 
parts  of  the  solar  disc  are  made  simultaneously,  one  under  another,  on  the 
same  plate.  The  silt  of  the  speetrograph  is  equipped  with  two  pairs  of 
totally  reflecting  prisms,  "-hat  direct  the  rays  from  different  parts  of  the 
solar  disc  to  the  corresponding  parts  of  the  silt.  Finally,  "or  the  compari- 
son of  the  solar  spectrum  with  that  of  an  artificial  source  (an  el  >otrio  are), 
a  separate  optical  system  is  installed,  which  allow*,  with  the  aid  of  mirrors, 
an  Image  of  the  artificial  reference  lirht  to  be  projected  on  the  silt  of  the 
•peetrograph,  before  and  after  photographing  the  solar  spectra.  This  it 
necessary  to  eliminate  the  so-called,  "pole  effect",  that  is  due  to  the  fact, 
that  different  parts  of  the  flame  of  the  electric  arc  pro-luce  spectral  lines 
of  slightly  different  wavelengths.  The  central  part  of  the  flame  is  projected 
upon  the  slit  of  the  speotrograph,  anl  t'-e  negative  electrode  is  made  of 
carbon.  In  such  a  case  the  resultant  spectrum  is  free  of  the  pole  effect. 

As  early  as  the  end  of  the  last  century  Rowland  used  concave  diffraction 
grids,  and  photographed  the  solar  spectrum  up  to  2975A  -  the  observable  limits 
of  It  on  the  ultra-violet  end.  The  use  of  special  plates,  sensitised  to  the 
5nfra-red  rays  permitted  H,  Baboook  to  photograph  the  solar  spectrum  to 
11634A*  The  r  oto£rathing  of  the  extreme  ends  of  the  solar  spectra  by  means 
of  powerful  speotrograj  s  r  cpiire  exposures  of  several  hours  duration,  while 
the  photographing  of  the  visible  part  requir?*  only  a  few  minutes. 

Owing  to  their  great  dispersion,  the  speotrographs  allow  very  accurate 
tlet  rminat ions  of  the  wavelengths  of  the  spectral  lines  to  be  made  by  the  use, 
of  the  standard  lines,  whose  wavelengths  are  determined  by  an  interferometer. 
So,  for  the  big  speotrogranh  of  the  Mount  Wilson  Observatory,  the  error  of 
measurement  ofo  'he  wavelength  of  a  single  line,  on  a  single  plate,  seldom 
exceeds  0.002A,  The  precision  of  the  measurements  increases  greatly  for  the 
measurements  of  the  small  displacement;  of  the  spectral  lines,  and  for  the  9 
raeter  spectrograrh  is  less  '-han  0.0003A,  that  is  equivalent  to  an  error  of 
about  0,03  ka/seo  in  the  determinations  of  the  radial  velocities. 

During  the  observations  of  solar  eclipses,  they  often  use  apootrographs 
of  great  dispersion,  with  or  -without  the  slit,  to  study  the  spectra  of  ihe 
upper  and  middle  layers  of  the  solar  atmosphere, 

The  plate  holders  of  ruoh  spectrographs  are  their  distinguishing  part, 
as  a  quick  change  of  the  plates  is  essential.  The  plates  are  either  mounted 
on  a  drum,  the  turning  of  which  after  avery  exposure  allows  a  series  of 
pictures  to  be  made  or  the  plates  ar-e  ounted  on  a  frame,  and  the  same  result 
is  obtained  by  sliding  it.  Quite  often  the  platos  are  replaced  by  films  that 
are  exposed,  while  strc':ohed  on  a  cylindrical  surface,  computed  to  bring  into 
sharp  focus  the  greatest  part  of  the  spectrum, 

Also  of  r;reat  interest  are  the  photographs  of  the  solar  atmosphere  made, 
at  the  beginning  or  at  the  end  of  the  totality  p  ase,  with  n  slitless  speotro- 
graph.  On  such  photo  raphs  the  spectral  lines  assume  the  shape  of  sickles 
of  different  lengths  and  intensities,  that  really  are  the  monoohromatio  images 
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of  the  solar  atmosphere,  partially  obscured  by  the  lunar  disc,     3y  measuring 
the  length  of  such  a  sickle.  It  Is  possible  to  find  the  altitude  that  is 
reached  by  the  atoms  of  the  given  element,  at  the  £iven  state  of  th«  atmos- 
phere, 

Outstandinf  results  wer«  obtained  by  S,  A,  Mitchell  in  1905  and  192F5 
with  th«  metallic.  concave  diffraction  grUs,     In  1P05  Mitchell  used  a  10  om 
aonoave  Grid  of  3m,  radius.     The  photographic  film  was  stretched  on  a  oonoa-v* 
cylindrical  surface,  that  was  placed  at  a  distance  of  I1/?  m.  from  the  grid 
The  speatrograph  was  mounted  stationary,  and  the  Snn  light  was  directed  by  a 
eoelostat, 

A  great  difficulty  is  presented  by  the  f oousin ;  of  the  spectrograph,  as 
the  position  of  the  focus  changes  noticeably  as  a  result  of  the  distortion  of 
the  form  of  the  eoelostat  mirror  anJ  of  the  grid,  under  the  influence  of  the 
heating  by  the  solar  rays.    The  foous!ng  ia  done  at  nip;ht,  by  the  stars,  or 
by  a  special  oollinator,    Mitchell  v/as  able  to  overcome  these  difficulties  In 
1  05,  and  he  has  obtained  a  '  eautiful  spectrum  23»5  cm  Ion",  extending  from 
3318A  to  5376 A«     Unfortunately,  during  the  eclipse  of  the  1925,  the  spectrum 
was  a  little  out  of  foous, 

Photographs  made  with  the  slit  spectrographs  are  also  used  In  the  studies 
of  the  same  problem  of  the  distribution  of  the  chemical  elements  in  the  layers 
of  the  solar  atmosphere.     In  this  case,  during  the  exposure,  the  plat*  is 
sieved  slowly  by  a  small  electric  motor*     On  S'-oh  photographs,  different 
spectral  lines  are  of  different  heightij  by  measuring  the  apparent  height  of 
a  linej  it   is  possible  to  eompgb*  the  altitude  that   is  reached  by  the  atoms 
of  the  element  that  fwms  this  particular  line, 

jj  11  -  The  Speot rcfr  ?1 !  p.^raph  , 

The  improvements  of  th»  technique  of  solar  observations  are,  to  a  great 
degree,  due  to  that  interest  in  studies  of  the  solar  pro7n'nenc*s(  that  was 
exhibited  by  astronomers  after  the  invention  of  methods  of  their  observations, 
independent  of  solar  eclipses.     As  we  have  already  mentioned,  the   "irst  method 
of  observation  of  the  prominences  proposed  by  Jansen  and  Lockyer,  oorsisted 
in  recording  on  sketches  of  the  length  of  the  bright  Hydrogen  line  Hg,  at 
different  positions  cf  the  slit, 

Zoellner  and  C,  A,  Young  eacpressed  thought,     hat  by  giving  the  slU 
rapid  oscillating  motion,  it   is  possible  to  obtain  e  complete  picture  of  th« 
whole  prominence.     However,  a  simpler  method  of  the  observation  of  prominences 
w'th  a  wide  slit,  prised  by  Huggins  and  Zoellner  in  1869  arrested  the) 
development  of  the  first  method  by  more  than  a  half  a  century,  when  Kale, 
utilizing  this  principle,  const  uoted  the  spectrohelio scope,  an  apparatus 
that  became,  later,  widely  e.:ploy«d,  and  that  we  shall  describe  later. 

In  1874  Young  obtained  the  first  photograph  cf  prominence  ir  the  line  H 
on  collodion  plater:,  with  the  slit  of  the  spectroscope  open  wld»«    Hale 
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continued  Young1*  experiments  of  photographing  the  prominence,  and,  at  the 
nineties  of  the  last  century,  achieved  goo-1  success* 

In  1889  Hale  in-vented  a  epectro scope  with  two  moving  slits  •  the  speotro- 
heliograph.  Almost  simultaneously,  and  independent  of  him,  the  epectrohelio- 
graph  was  invented  by  H,  Deslandre  and  I.  Evershed,  It  should  be  noted,  that 
einin  before  that,  Jansen  in  1860  and,  independently  C»  Braun  in  Kalooh  Hungary, 
in  1972,  and  finally  0,  Lohse  of  Potsdam  in  1886  proposed  the  construction  of 
such  an  instrument,  Lohse  even  actually  const r  ote"d  one,  but  obtained  no  results, 
due  evidently  to  an  insufficient  sensitiveness  of  the  collodion  plates  he  was 
using. 

At  present,  the  speotroheliorraph  is  a  basic  instrument  of  every  observa- 
tory, that  conducts  systematic  sti'Hee  of  the  Sun.  The  principal  part  of  the 
spectroheliograph  's  a  monoohromator  spectroscope,  that  allows  to  be  isolated 
a  very  narrow  part  of  the  solar  spectrum.  The  image  of  the  Son  is  projected 
upon  the  first  slit  of  the  speotrohelio,<r,raph.  The  second  slit  is  il^oed  at 
the  focus  of  the  camera,  and  the  speotrum  is  projected  upon  it.  This  slit 
passes  a  narrow  part  of  the  spectrum,  thet  is  photographed  or  the  plate,  placed 
directly  behind  the  second  slit* 

If  we  shall  nove  the  imar;e  of  the  Sun  on  the  first  slit,  we  will  obtain, 
consecutively^  the  spectra  of  t  e  new  portions  of  the  solar  surface.  If, 
simultaneously  with  t'ie  movement  of  the  solar  'mage  across  the  slit  we  move 
the  photographic  plate,  we  will  obtain  a  monochro!<iat  ic  r1(otograph  of  the  Sun 
in  the  wavelength  of  that  part  of  the  solar  ep-otrum,  that  was  out  out  by  the 
second  slit.  The  obtained  image  is  a  series  of  consecutive  images  of  the 
second  slit,  illuminated  by  the  rays  of  a  sarw  wavelength,  radiating  from 
the  different  parts  of  the  sol^r  disc.  Especially  interesting  photographs 
are  obtained,  when  a  prominent  Frannhofer  line  is  isolated  by  the  second  slit, 

At  present,  many  -"oreign  observations  conduct  systematic  photographing 
of  the  Sun  in  the  lines  of  ionized  Calcium  K  and  of  Hydrogen  H«-£.  The  daily 
photographs  of  the  jrominences  are  made  in  the  same  line,  for  which  pirpose 
the  image  of  th  solar  disc  is  obscured  by  an  opaque  screen  that  is  moved 
along  with  the  image  of  the  Sun, 

The  modern  speotroheliographs  are  constructed,  generally,  in  two  types! 
1)  the  spectroheliographs  with  a  stationary  inape  of  the  Sun  and  photographic 
plate,  and  movable  spectral  parts  and  2)  the  sp  ctroheliographs  with  movable 
image  and  plate,  and  stationary  spectral  parts.  The  more  powerful  speotro- 
graphs  belong  to  the  second  type. 

Fig,  75  shows  the  diagram  of  the  Potsdam  speotrohellograph,  that  is  of 
the  first  type.  The  spectral  parts  of  the  apparatus  are  mounted  on  a  natallio 
frame  TT,  that  moves  on  rollers  within  an  outer  framei.  The  movement  is  ef- 
fected by  a  suspended  weight,  that  acts  upon  the  frame  TT  through  a  system  of 
pulleys.  The  velocity  and  the  unlfomity  of  the  movement  is  regulated  by  a 
water  clock  (oleps  dra)  filled  with  a  solution  o?  the  glycerine  in  water, 
Fig,  73o  shows  the  oollimator,  K  is  the  camera.  Si  and  83,  two  similar  objec- 
tive*;, -  G  the  grid,  that  is  used  in  the  fourth  order,  in  a  combination  with 
a  plane  mirror  and  a  rectangular  prism. 
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The  Potsdam  speetroheliocr  ;rh  is  dis'.gned  to  be  mounted  on  a  refractor 
with  a  21cm  objective  and  a  focal  length  of  3,2m,  that  produce*  an  Image  of 
the  Sun  in  30  ram  d'  a.    For  obtaining  the  exposed  photographs  of  the  Sun  in  the 
line  K  of  Calcium,  on  plates  of  a  medium  sensitivity,  the  exposure  lested  1 
minute  . 

Fig,  76  shows  the  1,5m.   sp  ctrohelior;rajh  of  the  Hount  Wilson  Observatory, 
belonging  to  the  first  type,  and  used  In  conjunction  with  the  Snow  Telescope, 

Fig,  77  shows  the  diagram  of  the  large  speotvohelio,rraph  of  the  iteudon 
Observatory,  that  is  probably,  the  most  perfect  instrument  of  this  kind,* 
This  epectroheliograph  is  placed  horizontally,  Is  stationary,  an-3  belongs  to 
second  type*    The  instrunent  may  be  used,  at  will,  with  prisms,  or  gr  <t- 
ings. 


solar  ray  Is  reflected  by  two  mirrors  of  a  ooelostat  upon  a  2fiom 
objective  Op  with  a  focal  length  of  4    n.     This  object  ive  is  mounted  on  a 
carriage,  that  can  more  u  iformly,  in  the  direction  perpendicular  to  the 
optical  ax's.    The  movement  of  the  carriage  is  effected  by  the  electric  motor 
n,  whose  transmission  gear  is  equipped  by  :i   speed  regulator  t,  that  allows  a 
great  ran^e  of  cp  o.is,  that  may  bo  used  in  noving  the  objective, 

Along  with  ti>e  movement  of  the  objective,  the  resultant  36  rran  image  of 
the  Sun  also  moves  across  tho   slit  F  of  the  oollimator  C,  upon  Which  it  la 
projected.     The  pencil  of  rays,  aftor  leaving  tV.   objective  0  of  the  ooll'- 
mat  or,  falls  upon  the  diffraction  grating  R,  or  If  this  la  slid  out  of  the  way, 
uron  the  prises  P, 


In  the  first  instance,  v/hon  the  ^riJ  is  used,     lie  spectrum  Is  received 
by  the  object  ivo  0%  in  th  '  oar»ra  II  r.nd  th     needed  part  of  the  spectrum  i«  Out 
o  ;t  '•  y  the  second  slit  Fj  ,.     In  the  seoond  case,  the  spectrum  is  formed  in  the 
camera  I,  equipped  with  the  seeondury  slit  Pj.,    The  pole  holders,  during  the 
operation  of  the  speotrohelionraph  are  moved  by  the  motor  m,  tliat  is  worked 
also  with  the  speed  regulators  t.    The  revolutions  of  these  motors  are 
ol.-otr'cally  synohrcnlaed  with  the  revolutions  of  the  motor,  that  mores  the 
objective  Op,    The  speed  regui  tors  also  have  to  be  aJju'tod,  so  as  to  obtain 
a  round  Image  of  the  Sun. 

The  Objective  Oj  of  tho  camera  I  can  be  replaced  by  a  plane  mirror  Ml,  and 
the  apparatus  may  work  by  a  third  method,  with  the  objective  O'i  and  the  camera 
III,  with  the  secondary  slit  FS,    The  instrument  can  be  operated  in  a  fourth 
way,  if  the  objective  O'j    is  taken  out.     In  fhis  case,  the  ray,  separai  ed  In- 
to the  basic  parts  and  reflected  by  the  mirror  MI,  strikes  tho  concave  mirror 

1.       1)  A  similar   ''nstrvment  was  recently  installed 
in  the  Portugese  Observatory  at  Coimhra. 
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Mjg,  placed,  in  the  camera  17,  that  forms  'he  image  of  the  spectrum  upon  the 
plane  of  the  slit  F4,  that  separates  the  needed  part  or  the  spectrum.  Finally, 
the  apparatus  operates  in  a  fifth  way,  when  it  is  necessary  to  obtain  f 
especially  sharp  spectroheliograras,  as  far  as  possible  free  from  the  effect 
of  the  diffused  lirftt  in  the  speotrograph.  In  such  a  case,  the  rays,  reflected 
by  the  nrrror  1,  fall  upon  the  concave  mirror  M2,  As  in  the  case  of  the  pro- 
ceed ng  scheme,  the  slit  F4  cuts  out  the  needed  part  of  the  spectrum*  After 
passing  through  this  slit,  the  rays  fall  upon  another  parallelj  then  they  fall 
upon  the  prism  p',  that  directs  them  into  the  camera  IV-bls,  The  image  of 
the  spectrum  is  obtained,  at  will,  by  either  objective  03-06  (The  other  objec- 
tives are  removed)  upon  the  third  slit  of  the  spectroheliopraph  f,  that 
elimin  tes  the  diffused  light  of  a  different  wavelength,  that  was  refracted 
by  the  prism  p'« 

The  plateholder,  placed  beyond  the  slit  f ,  can  be  moved  uniformly  at  a 
needed  speed,  by  a  synchronized  electric  motor  m,  that  acts,  as  in  other  oases, 
through  a  speed  regulator  t. 

This  speed  regulator  is  constructed  thus;  between  two  flat  discs,  rotated 
in  opposite  directions,  by  the  motor,  is  a  -nheel  with  a  sharp  edge,  whose  axis 
is  parallel  to  the  radii  of  the  discs.  The  rotation  of  the  discs  Is  trans- 
ferred to  the  wheel,  the  velocity  of  whose  rotation  can  he  regulated  through 
a  wide  range,  by  changing  its  position  closer  to  or  farth  r  from  the  axis  of 
the  discs* 

It  is  well  known,  that  the  prism  spectrograph  produces  curved,  parabolic 
spectral  lines*  In  the  speetroheliographs  the  heigh  of  the  slit  is  made  big 
enough  to  photograph  the  entire  solar  disc  in  one  operation,  and  therefore  the 
secondary  slit  of  the  speotroheliograph  is  made  curved,  in  order  to  separate 
the  lines  across  the  whole  width  of  the  spectrum.  However,  photographing  the 
Sun  with  a  straight  slit  on  the  oollimator  an  a  curved  slit  on  the  camera, 
would  result  in  a  distorted  image  of  the  Sun,  and  in  order  to  avoid  this  dis- 
tortion, both  slits  are  given  an  similar  mean  curvature*  A  sp  oial  pair  of 
slits  is  used  for  every  part  of  th«  spectrum,  as  the  degree  of  the  curvature 
depends  on  the  wavelength  of  the  particular  part  of  the  spectrum, 

In  the  diffracted;  spectrum  the  lines  have  a  very  low  decree  of  curvature, 
and  quite  often,  straight  slits  are  used  with  the  diffraction  rid.  In  the 
lieu 'on  Spoetroheliograph,  during  operation  by  the  fourth  and  the  fifth  methods, 
the  dispersion  reaches  0,?i  per  1  mm  for  the  prisms  and  2,1  for  the  £^rid  when 
the  K  line  of  Calcium  (3934i)  is  separated,  and  respectively  4,1A  r^r  1  ain 
and  1«8A  with  the  Rydro^enline  H<t  (6563A"),  With  this  instrument  it  is 
to  separate  parts  of  the  differ  rt  spectral  lines,  ny  opening  the  secondary 
slit  only  0,OSi, 

A*  teuton,  the  daily,  systematic  photographs  o  the  solar  surface  rre 
made  in  the  middle  parts  of  the  lines  hX.of  'ydrogen  and  K  of  Calcium,  the 
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diameter  of  the  image  being  a  out  9  on,  and  with  an  exposure  of  several 
minutes* 

Along  with  all  it*  good  qualities  the  spootroheliograph  has  two  important 
disadvantages.  Owing  to  a  comparatively  long  exposure  the  speotroheliograph 
does  not  allow  those  solar  phenomena  to  be  observed  in  detail,  that  last  some- 
time! only  a  few  minutes,  and  whose  radiation  is  of  a  special  interest.  In 
as  much  as  the  speotroheliographs  separate  only  a  very  narrow  part  of  the 
tpeotrum,  many  solar  phenomena,  that  have  a  large  radial  velocity,  will  miss 
the  secondary  slit,  owing  to  the  Doppler  Shift,  and  will  remain  unregistered. 
In  both  oases  these  phenomena  oan  be  observed  by  special  apparatus,  to  whose 
discretion  we  s;  all  turn  now* 

$  12  -  The  "Spsotro-Enreflietei  r  des  Yiteases" 

If  we  cause  the  ira;re  of  the  Sun  and  the  photographic  plote  to  move 
by  jerks  relative  to  the  both  slits,  we  shall  have  the  apparatus,  invented  of 
Deslar.dres  before  the  :nvention  of  the  speotroheliograrh,  ard  that  he  called 
"Le  Spectro-Snregisteur  des  Vitesses",  The  secondary  slit  of  this  apparatus 
is  made  wide  enough  to  form  an  image  of  the  entire  line,  and  of  the  adjoining 
parts  of  the  spectrum.  The  length  of  the  "jerks",  or  the  distance  by  which 
the  solar  image  and  the  plate  are  ™.oved,  after  the  exposure,  are  chosen  to 
correspond  to  the  width  of  the  secondary  slit.  The  resultant  image  of  the 
Sun  consists  of  adjoining  strips,  each  of  them  being  a  photograph  of  a  part 
of  the  spectrum,  that  was  cut  out*  In  each  strip,  it  is  possible  to  measure 
the  shift  of  tve  central  line,  relative  to  the  adjoining  spectral  1  nes,  or 
rel  tive  to  the  edges  of  the  strip,  and  thus  to  compute  the  relative  radial 
velocities  of  the  different  formations  on  the  surface  of  the  Sun,  In  order 
to  determine  the  absolute  velocities,  photographs  of  the  same  spectral  line 
are  made  in  the  spectrum  of  a  terrestrial  source  of  llRht,  before  and  after 
the  solar  photographs  are  made.  The  position  of  this  line,  (in  the  spectrum 
of  the  terrestrial  source  of  light)  is  determined  relative  to  the  edge  of 
the  strip* 

Fig,  78  shows,  greatly  magnified,  the  photographs  of  a  part  of  solar 
surface,  obtain  d  by  the  Ueudon  speotro-rogister  of  velocities.  These 
pictures  show  plainly  the  curving  and  the  distortion  of  the  spectral  line 
in  sereral  places  of  the  solar  surface.  The  lefM;  picture  is  that  of  the 
line  K  of  Calcium,  and  the  right  -  the  line  H*.  of  Hydrogen, 

Disregarding  the  good  results  obtained  by  Deslandre  in  his  studies  of 
the  radial  velocities  of  the  solar  surface,  the  speotro-ragister  of  velo- 
cities did  not  come  into  a  general  use.  There  is  no  doubt,  t' at  its  use  in 
the  studies  of  the  radial  vloooities  of  the  formations  on  the  solar  surface 
as  well  as  its  wide  arrli  cation  to  the  problems  of  spectrohotometry,  could 
furnish  very  valuable  data,  as  was  recently  pointed  Out  Curing  on«  of  the 

suasions  of  the  International  Astronomical  Union,* 

,, 

1,       The  solution  of  many  probleas  of  solar  physios  raakos 
5t  desirable  to  be  able  to  obtain,  simultaneously, 
two  pictures  in  any  two  tarts  of  the  spectra,  by 
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the  same  oollimstor.     Such  an  instrument  shouH  wort 
as  a  double  speotrohelioprayh  and  as  a  speotro-regis- 
ter  cf  tve  velocities.     An   irstrument  of  this  discrip. 
tion  was  constructed  by  Hale,  Julius  and  D'Asambuja, 
but  without  any  special  success* 

In  1931  Perepelkin  of  the  Pol:  ovo  Observatory 
proposed  a  new  principle,  that   solves  completely  the 
problem  of  constructing  such  an  instrument  • 

The.  apparatus  consists  of  a  diffraction  speotro- 
graph  with  one  ooll'mator,   •  ut  two  cameras.     One  of 
these  works  with  t---.e  right  speotrun  of  the  diffrac- 
tion   ;rating,  while  the  sedond  with  the  left.     The 
construction  of  this  apparatus  demands  a  diffraction 
grating,  that  produces  equally  good  rl~ht  and  left 
spectra.     The  Pulkovo  Observatory  has  begun  the  erec- 
tion of  this  apparatus.     It  Is  being  designed  by  N. 
G,  Fononaraff  of  the  Leningrad  Astronomical  Insti- 
tute, under  the  supervision  of  the  author  of  the 
project.     The   Soviet  Union  Collective  of  the   Optic-o- 
Kechanical   Industry    (BOOM     )   has  undertaken  the  e~»- 
struction  of  the   optical   system  of  this  apparatus. 
The  mechanical  and  electrical  parts  are  to  be  con- 
structed ry  the  same  organizati&n  in  collaboration 
with  the  mechanical  shops  of  the  Pul?-'ovo  Observatory. 

5nis  solar  telescope  will  act  as     l)  a  double 
speotrograph  of  large  dispersion,  2)  as  a  double 
speetroheliograph,  3)  a  double  speotro-register  of 
velocities  and  4)  as  a  double  spoctrohelioscope, 
that  will  allow  separation  of  any  two  different 
parts  of  tNe  speotr>m» 


This  apparatus  will  allow  for  the  first  time, 
to  the  rapid  development  of  the  solar  eruption  in 
any  two  parts  of  the  spectra  to  be  atu  ied  at  the 
same  time,  as  "or  example,   in  the  lines  of  Calcium 
and  Hydrogen. 

This  Instrument  will  enable  the  detailed 
structure  of  small  solar     ormations  to  be  studied, 
also  in  any  two  parts  of  the  speetra,  simultar  eously, 
as  in  this  case,  as  long  as  a  single  oollimator  is 
used,  the  variations  of  the  solar  ima^e  will  affect, 
almost  alike,  both  parts  of  the  speetrum. 
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13  -  The  SpeeJ  ro-heliosoope 

If  w  will  oft  se  the  both  slits  of  the  sp  otro-heliograph,  to  vibrate 
quickly,  while  the  solar  image  remain*  stationary,  we  will  have  an  apparatus, 
constructed  by  Hale  in  1924  and  named  by  him  the  Spoetro-hel  ioseope  .  The 

otographlo  plnte  is  replaced  by  an  ocular,  that  is  used  to  observe  the 
solar  surface.  The  oscillation  of  the  slits  is  so  rapid,  that  the  eye  of  th» 
observer  does  not  see  any  separate  positions  of  the  slits,  but  sees,  in 
monoehromat  5  o  light  a  small  portion  of  the  solar  surface*  The  Synchronisation 
of  the  oscillations  of  tho  silts  is  attained  either  in  mechanical  ways,  that 
do  not  present  any  theoretical  difficult  losses  both  slits  of  the  auto-colli- 
m  tlonal  spectroscope  are  placed  directly  one  above  tv>e  other,  or  by  optical 
means,  as  was  proposed  by  Anderson.  In  this  case,  in  front  of  the  stationary 
slits,  and  parallel  to  them,  is  jlaoed  a  rotating  spindle,  carrying  on  each 
end  a  glass  parallelopi-  *  .  i*he  image  of  the  Sun  on  the  flrsL  sltt  is  obtain- 
ed through  the  glass  parallel  ojipedj  the  ol  server  sees  in  the  ocular  the  se 
sec  nd  slit,  also  through  a  rlass  parallelopiped, 


When  the  parallelepipeds  are  totated,  the  image  of  the  Sxai  will  pass 
quickly  across  the  slit,  while  the  second  slit  will  pass  the  field  of 
vision  of  the  ocular  w'th  the  sarae  speed,  and  as  a  result  the  observer  will 
the  surface  of  the  Sun  in  mo  10  chromatic  light, 


The  speotro-  eliosoofe  has  lately  received  wide  application.  This  in- 
strument is  a  part  of  the  equipment  of  many  observatories,  and  a  number  of 
observation  station!  are  .elng  established,  these  being  spaced  -.ore  or  less 
regularly  in  longitude,  ene troll  .:  'he  whole  Earth,  The  object  of  these 
observation  stations  is  to  organize  a  continuous  o:  servatlon  of  the  surface 
of  the  Sun  In  the  line  H  Hydrogen,  The  apeetrohelio scope  Is  very  con  onient 
for  observing  all  formations  <n  the  surface  of  the  Sun,  as  wsll  as  the  promi- 
nences and  such  rapidly  pass'ng  phenomena,  as  are  "  eyord  the  scope  of  the 
spect  rohe  1.  i  o graph. 

For  comparative  studies  in  different  parts  of  the  srectral  line  In  the 
direction  of  the  rays,  a  glass  plate  with  parallel  sides  is  mounted,  in  front 
of  the  secondary  silt,  and  Is  rotated  around  an  axis,  parallel  to  *-he  silt. 
In  Its  different  positions,  this  plate  will  separate,  the  different  parts  of 
the  line.  This  appliance  also  allows  to  the  relative  radial  velocities  to  be 
computed  by  a  measurement  of  the  angle  of  the  plate,  at  which  the  given  solar 
formation  Is  seen  best.  Thus  the  speotroheliosoope  includes  In  the  scope  of 
Iti  possibilities  certain  functions  of  the  spect rohe liograph  and  of  the 
speot re-register  of  velocities. 

The  application  of  the  motion  picture  camera,  without  any  doubt,  will 
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enlarge  the  field  of  application  of  thi«  apparatus  still  further*     In  1933 
the  Michigan  University  Observatory  in  the  U.S.A.  constructed  the  first 
•peetroheliocineraatosra     . 
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